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NOTE TO CONTRIBUTORS

Submissions to the Discussion section of Current Research are welcome from
both the staff of the Geological Survey and from the public. Discussions are limited
to 6 double-spaced typewritten pages {about 1500 words) and are subject to review
by the Chief Scientific Editor. Discussions are restricted to the scientific content
of Geological Survey reports. General discussions concerning branch or government
policy will not be accepted. Illustrations will be accepted only if, in the opinion of
the editor, they are considered essential. In any case no- redrafting will be
undertaken and reproducible copy must accompany the original submissions.
Discussion is limited to recent reports (not more than 2 years old) and may be in
either English or French. Every effort is made to include both Discussion and Reply
in the same issue. Current Research is published in January and July. Submissions
for these issues should be received not later than | November and | May
respectively. Submissions should be sent to the Chief Scientific Editor, Geological
Survey of Canada, 601 Booth Street, Ottawa, Canada, K1A OES8.

AVIS AUX AUTEURS D'ARTICLES

Nous encourageons tant le personnel de la Commission géologique que le grand
public & nous faire parvenir des articles destinds a la section discussion de la
publication Recherches en cours. Le texte doit comprendre au plus six pages
dactylographiées & double interligne (environ 1500 mots), texte qui peut faire l'objet
d'un réexamen par le rédacteur en chef scientifique. Les discussions doivent se
limiter au contenu scientifique des rapports de la Commission géologique. Les
discussions générales sur la Direction ou les politiques gouvernementales ne seront
pas acceptées. Les illustrations ne seront acceptées que dans la mesure ol, selon
l'opinion du rédacteur, elles seront considérées comme essentielles. Aucune
retouche ne sera faite aux textes et dans tous les cas, une copie qui puisse étre
reproduite doit accompagner les textes originaux. Les discussions en francais ou en
anglais doivent se limiter aux rapports récents (au plus de 2 ans). On s'efforcera de
faire coincider les articles destinés aux rubriques discussions et reponses dans le
méme numéro. La publication Recherches en cours parait en janvier et en juillet.
Les articles pour ces numéros doivent étre recus au plus tard le 1€ novembre et le
1€r mai respectivement. Les articles doivent étre renvoyés au rédacteur en chef
scientifique: Commission géologique du Canada, 601, rue Rooth, Ottawa, Canada,
K1A QES.
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Abstract

The northeast-striking Kapuskasing structural zone of high-grade metamorphic
rocks is not present in the 60 km wide area between Kapuskasing and Fraserdale.
Amphibolite-facies orthogneiss occurs between the southern Groundhog River and the
northern Fraserdale-Moosonee high-grade metamorphic blocks. The southern block
consists of tonalite, mafic gneiss and paragneiss metamorphosed to the granulite and
upper amphibolite facies. It is in fault contact with granite to the east and gneiss in
the amphibolite facies to the west. To the north, the Fraserdale-Moosonee Block is
made up of anhydrous granulite of psammitic metasedimentary and intermediate
igneous composition. A major pseudotachylite zone separates the granulites from
granitoid rocks and gneiss in the amphibolite facies to the east; smaller fault zones
occur within the block as well as between it and orthopyroxene-bearing
metasedimentary gneiss of the Quetico belt to the west. Within the 120 km long zone
of granulites in the Quetico belt, the proportion and grain size of orthopyroxenes and
garnet increases toward the east at the expense of biotite, suggesting that
metamorphic grade increases toward the anhydrous granulites of the Fraserdale-
Moosonee Block. Although this apparent metamorphic pattern requires further study
by geothermobarometry, it appears to support the model of a tilted crustal section
west of the Kapuskasing structure.

Résumé

La zone tectonique de Kapuskasing, orientée vers le nord-est et composée de
roches & métamorphisme intense ne se manif este pas dans la bande de 60 kilometres de
large qui se trouve entre Kapuskasing et Fraserdale. De l'orthogneiss @ facies
amphibolite se présente entre la riviere Groundhog au sud et les blocs de roches
fortement métamorphisées de Fraserdale-Moosonee au nord. Le bloc sud se compose
de tonadlite, de gneiss mafique et de paragneiss métamorphisés jusqu'au facies granulite
et au faciés superieur amphibolite. Une faille le met en contact avec du granite a l'est
et du gneiss dans le faciés amphibolite & l'ouest. Au nord, le bloc Fraserdale-Moosonee
se compose de granulite anhydre de composition psammitique métasédimentaire et
ignée intermédiaire. Une gronde zone de pseudotachylite sépare les granulites des
roches granitiques et des gneiss du facies amphibolite vers l'est; de plus petites zones
de failles se présentent a lintérieur du bloc et entre celui-ci et le gneiss
métasédimentaire & orthopyroxene de la zone de plissement de Quetico & l'ouest. Dans
la zone b granulites, de 120 kilometres de long, u l'intérieur de la zone de Quetico, la
proportion et la granulométrie des orthopyroxénes et des grenats augmentent vers l'est
aux dépens de la biotite, ce qui laisse croire que le degré de métamorphisme augmente
plus on s'approche des granulites anhydres du bloc Fraserdale-Moosonee. Bien qu'il
faudra entreprendre d'autres études géothermobarométriques de ce modele
métamorphique apparent, celui-ci semble appuyer le modele dune section
lithosphérique inclinée & l'ouest de la structure de Kapuskasing.



Introduction

The Kapuskasing structure is a narrow, 500 km long,
northerly-trending zone of high-grade metamorphic rocks and
positive gravity and aeromagnetic anomalies that interrupts
the easterly-striking belts of the Superior Province. A recent
study by Percival and Card (1983, in press) suggested that the
high-grade rocks of the southern Kapuskasing zone are the
basal part of a west-dipping slab of upthrust continental crust
characteristic of the deep regions beneath the Abitibi-Wawa
greenstone belt. In that area, the Kapuskasing zone is
bounded by a fault on the east whereas the western contact is
complex and gradational (Percival, 1985). Although exposure
is poor farther north, strong lineaments visible on
aeromagnetic maps (Geological Survey of Canada, 1984)
suggest that the Kapuskasing zone is fault-bounded on both
the east and west sides (MacLaren et al., 1968; Bennett et al.,
1967; Thurston et al., 1977). A limited field program was
initiated in 1984 to examine available outcrops in critical
areas with a view toward better understanding of the history
of the Kapuskasing structure over its entire (500 km) exposed
length. M.R. Digel provided cheerful field assistance under
trying conditions.

Under consideration are a more southerly area where
the Kapuskasing structure cuts the east-trending greenstone-
granite terrane of the Wawa and Abitibi belts (Fig. 1.1) and a
northern area where it transects metasedimentary gneiss of
the Quetico and Opatica belts. The Kapuskasing zone forms
the boundary between the Wawa and Abitibi belts, which have
similar lithological, stratigraphic and geochronological
characteristics and are thus considered to be parts of a once-
continuous belt, now divided by the Kapuskasing zone.
Similarly, the Kapuskasing zone is the boundary between the
Quetico belt of metasedimentary schist and gneiss and
granjte that extends 1200km to the west, and the poorly-
exposed Opatica belt, also dominantly of metasedimentary
origin (Card, 1982).

Groundhog River area

In the Groundhog River area (Fig. 1.1, 1.2), high-grade
metamorphic rocks of the Kapuskasing zone, sharply defined
aeromagnetically (MacLaren et al., 1968), are bounded on the
west by tonalitic gneiss of the Wawa belt and on the east by
granodiorite of the Abitibi belt. A positive gravity anomaly,
which coincides with high-grade rocks of the Kapuskasing
structure over most of its length, diverges up to 30 km to the
west of the Groundhog River Block.

Tonalitic gneiss comprises much of the Wawa belt west
of the Kapuskasing structure. West of the Groundhog River
Block are sparsely xenolithic hornblende-biotite tonalite and
tonalitic gneiss. Xenoliths are mainly hornblende-plagioclase
amphibolite with local clinopyroxene. Dykes and sills of pink
leucocratic granite, aplite and pegmatite cut the gneiss.
Foliation and gneissosity form chaotic to gently rolling
patterns.

Exposure in the Groundhog River Block is minimal.
Rock types include felsic orthogneiss, with some mafic gneiss
and paragneiss (Thurston et al., 1977; Bennett et al., 1967).
Tonalitic orthogneiss contains orthopyroxene in addition to
hornblende, biotite, magnetite and some clinopyroxene.
Mafic gneiss is made up of clinopyroxene, plagioclase,
hornblende and magnetite, with variable proportions of
garnet, orthopyroxene and quartz. A unit of garnet-
orthopyroxene-biotite paragneiss was reported by
Thurston et al. (1977). Northerly-trending dykes, perhaps part
of the Matachewan swarm, cut the high-grade rocks and are
offset by brittle faults and cut by pseudotachylite zones.

East and northeast of the Groundhog River Block are
homogeneous granodiorite and hornblende-biotite tonalitic
gneiss, part of the Abitibi belt.

Areas near the eastern and western boundaries of the
Groundhog River Block are exposed locally. In the Wakusimi
River area (Fig. 1.2), part of the western boundary is exposed
over a distance of some 200 m. Mafic gneiss consisting of
garnet, clinopyroxene, magnetite and plagioclase with minor
hornblende, and cut by mafic dykes, is in contact with
tonalitic rocks to the west. In the mafic gneiss,
pseudotachylite zones become more abundant to the west.
Tonalite is fractured and friable and is recognizable only on
the weathered surface; the fresh surface is black, fine
grained to aphanitic, and individual minerals cannot be
identified. The rock has no planar fabric but is thoroughly
altered and is thus termed cataclasite. Although the contact
between mafic gneiss and tonalite cataclasite could represent
the boundary fault between the Groundhog River Block and
Wawa belt, poor exposure does not allow elimination of the
possibility that the contact is within the Groundhog River
Block but near the boundary fault. Zones of pseudotachylite
are common in high-grade rocks of the Groundhog River
Block at several locations near the western boundary.

An area near the eastern boundary of the Groundhog
River Block is exposed 0.2 km west of the Groundhog River
on Highway l1l. Migmatitic biotite-plagioclase-quartz gneiss
and pegmatite are cut by several sets of small brittle faults
and associated phyllonite and cataclasite. Small-scale
offsets of migmatitic layering and pegmatite dykes permit
determination of movement sense on individual fault
surfaces. Northeast-striking faults with dips 35°N to 50°S
are most common. Movement on these appears mainly
dextral transcurrent with a component of southeast-side-up
along shallow (15-30°) northeast-plunging lineations. Part of
the outcrop shows northwest-side-up movement on northeast
faults along moderate (30-50°) northwest-plunging lineations.
Northeast faults are locally offset by small-scale northwest-
striking,  northeast-dipping  faults  showing  sinistral
transcurrent movement. These two main fault directions are
possibly part of a conjugate set; the principal strain axis (o)
would be oriented east-west.

At its northern end, the Groundhog River aeromagnetic
anomaly trends northerly toward the Clay-Howells alkalic
rock complex (Sage, 1983). Linear anomalies that correspond
to faults farther south are weak in this area and the central
positive anomaly fades near Moonbeam, close to the most
northerly exposure of high-grade rock. On strike to the north
in the Remi Lake area are hornblende-biotite tonalite gneiss
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Figure 1.1.  Sketch map showing major lithological
subdivisions of the Superior Province. Kapuskasing structural
zone is divided into Chapleau Rlock (CR), Groundhog River
Rlock (GRR) and Fraserdale-Moosonee Rlock (FMR). Dotted
pattern indicates positive gravity anomaly, defined by
~25 mGal Bouguer anomaly contour.



and granite, similar to rocks to both the east and west. High-
grade rocks and the aeromagnetic anomaly do not appear to
extend north of Highway 11 and there is apparent lithological
continuity across the trend of the Kapuskasing structure in
this area. Some 60 km northeast of the north end of the
Groundhog River Block is the southern tip of the Fraserdale-
Moosonee Block of high-grade metamorphic rocks and
associated positive aeromagnetic anomaly.

Fraserdale-Moosonee Block

The Fraserdale-Moosonee Block is defined over its
200 km length by a distinct aeromagnetic anomaly with a
maximum width of 25 km. High-grade rocks in the block are
in fault contact with biotite-bearing paragneiss and granite
to the east (MacLaren et al., 1968; Bennettet al., 1967).
Cataclastic zones, indicating faults, are also present near the
geophysically-defined western boundary, a contact zone with
metasedimentary granulites of the Quetico belt which
Skinner (in MacLaren et al., 1968) indicated to be gradational
in character.

A reconnaissance trip was made on the North French
River and spot checks conducted on the Little Abitibi River.
The north-flowing North French River traverses the
northeast-trending Fraserdale-Moosonee Block obliquely
(Fig. 1.2). At the southern end of the North French traverse,
paragneiss and diorite-monzonite are the common rock types.
Farther north, minor paragneiss is interlayered with
pyroxene-bearing tonalite containing inclusions of mafic
granulite.

Common rock types in the Fraserdale-Moosonee Block
are paragneiss, mafic gneiss and a suite of diorite-monzonite
composition; also abundant are tonalitic rocks. Enclaves of
gabbroic anorthosite occur in diorite and tonalite at one
locality. Paragneiss consists of melanosome with garnet -
orthopyroxene - plagioclase - quartz - magnetite * biotite
and leucosome with plagioclase - K-feldspar - quartz %
orthopyroxene on the l-5cm scale. Medium- to coarse -
grained homogeneous foliated rocks with garnet -
orthopyroxene - biotite - plagioclase - quartz assemblages
are considered to be homogeneous diatexite, derived from
paragneiss. Mafic gneiss commonly occurs as large enclaves
or layers in tonalite and diorite and comprises assemblages
of orthopyroxene - clinopyroxene - magnetite - hornblende -
plagioclase or garnet - clinopyroxene - magnetite -
hornblende - plagioclase * scapolite. Tonalitic gneiss
consists of interlayered dark and light laminae on the
1-10cm  scale of orthopyroxene - clinopyroxene -
plagioclase - quartz and plagioclase - K-feldspar - quartz
respectively. Rocks of the diorite-monzonite suite are
medium grained, foliated to augen-textured, and consist
mainly of clinopyroxene, hornblende and plagioclase with
variable quantities of orthopyroxene, biotite, K-feldspar and
minor quartz.

Planar structures are defined by compositional layering
in gneiss, alignment of biotite and in some areas by planar
alignment of ribbon quartz. Rare lineations, defined by
rodded quartz grains, plunge gently to the northeast. Planar
structural elements strike northeasterly or north with
moderate dips to the west or northwest. Zones of
pseudotachylite are thicker and more common in the eastern
5km of the block than farther west. They trend
northeasterly and dip moderately northwest to steeply
southeast. A 2-m wide, northeast-striking, southeast-dipping
pseudotachylite zone exposed on the North French River
consists of layers of aphanitic flinty rock and cataclasite
with porphyroclasts of granitoid and mafic rock. The outcrop
appears to be part of the main eastern fault zone separating
the Fraserdale-Moosonee Block from lower-grade rocks to
the east. Narrow northeast-trending, northwest-dipping

shear zones are recognized in the Fraserdale-Moosonee Block
by mylonitic textures such as ribbon quartz in pegmatite, fine
granular feldspars and pyroxene augen. Pseudotachylite cuts
mylonitic rock locally. Zones rich in pseudotachylite
separate areas of differing composition and structural trend
within the Fraserdale-Moosonee Block, suggesting that
northeasterly brittle faults have juxtaposed and re-oriented
deep crustal fragments. A small body of websterite on the
North French River may be one such fragment. It consists of
altered pyroxenes, amphibole and chlorite, and is bounded to
the southeast by a major pseudotachylite zone and to the
northwest by a chloritic shear zone.

Mafic dykes are common in the Fraserdale-Moosonee
Block. Small (5-30 cm) fine grained dykes of mafic to
ultramafic composition have orientations between northeast,
with steep southeasterly dips, to north, with moderate to
steep easterly dips. Dyke margins are locally offset
sinistrally by brittle northeast faults. The inconsistency of
dyke orientations suggests possible post-intrusion re-
orientation of the host rock on the ubiquitous fault zones.
Larger (10-30m) fresh northeast-striking dykes with coarse
ophitic texture and probable olivine could be members of the
Abitibi swarm.

East of the Fraserdale-Moosonee Block are parts of the
poorly exposed Opatica and Partridge River belts. East-
trending units of biotite-bearing gneiss of metasedimentary
origin and derived granitic plutons characterize the Opatica
beit. = To the north, the Partridge River belt consists
dominantly of granitic and gneissic rocks and small east-
trending greenstone belts (MacLaren et al., 1968;
Bennett et al., 1967). Outcrops adjacent to the Fraserdale-
Moosonee Block are characterized by a northeast-trending
rodding or mineral lineation plunging 30-40°.

An aeromagnetic lineament defines the boundary
between the Fraserdale-Moosonee Block and the Quetico belt
to the west in some areas. However, the boundary is not
readily defined on the basis of lithology or metamorphic
grade. In the Fraserdale area, some 5km west of the
magnetic anomaly, homogeneous diatexite with metasedi-
mentary xenoliths contains the assemblage orthopyroxene-
biotite-plagioclase-quartz tgarnet. Associated meta-igneous
rocks include layered gabbro-diorite-anorthosite with ortho-
pyroxene and garnet-clinopyroxene-hornblende-plagioclase
mafic gneiss. Lithological layering and foliation strike east
to southeast and dip moderately northwards.

Rocks up to 6 km east of the Fraserdale-Moosonee
Block are cut by zones of pseudotachylite and mylonite
striking north and northwest, dipping steeply east or west.

To the west and northwest, east-striking, steeply-
dipping units of migmatitic paragneiss consist of melanosome
of garnet-biotite-plagioclase-quartz torthopyroxene tbiotite.
Rare occurrences of garnet-cordierite-sillimanite migmatites
associated with garnet-orthopyroxene assemblages represent
pelitic compositions (Fig. 1.2).  Orthopyroxene occurs as
coarse (5-10 mm) crystals comprising up to 20 per cent of the
rock as far west as Guilfoyle Lake (Fig. 1.2) but is finer
(2-3 mm) and less abundant to the west. Spot checks
indicated the presence of orthopyroxene in garnetiferous
paragneiss as far west as Missinaibi River (Fig. 1.2), some
120 km west of the Fraserdale-Moosonee Block. Areas
underlain by rocks with abundant orthopyroxene coincide
approximately with the broad positive gravity anomaly which
includes the Fraserdale-Moosonee Block but extends some
100 km to the west.

At least three types of mafic dykes occur in the eastern
Quetico belt. North and northeast of Fraserdale, a group of
dykes has north to northwest trends and steep easterly dips.
The dykes are 2-10 m thick and some contain plagioclase
megacrysts, characteristic of the Matachewan swarm.
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Two members of a group of 15 dykes exposed on the Little
Abitibi River contain central zones rich in xenocrysts(?) of
euhedral pyroxene and carbonate. Dykes in this group have
sharply irregular margins and numerous apophyses and are
altered to chlorite schist or local shear zones. Development
of pseudotachylite in country rock appears to predate dyke
emplacement; for the most part the dykes are fresh whereas
the homogeneous diatexite country rock is riddled with shear
zones, pseudotachylite and late planar schistose zones.
Apparently, only these latest schistose zones affect the
dykes. The irregular margins suggest that the dykes intruded
fractured rock.

Two types of dykes with northeast trends are also
present in the Fraserdale area. Green-grey weathering,
medium grained ophitic diabase dykes up to 15m wide
contain sparse plagioclase megacrysts to 2 cm. They are
fresh for the most part but are cut locally by thin shear zones
and are similar to Kapuskasing dykes in the Chapleau area
(Card et al., 1981). Brown-weathering, medium- to coarse-
grained diabase dykes with ophitic texture also have
northeasterly trends and thicknesses of 10-20m. They
appear fresh and are probably members of the Abitibi swarm.

On the basis of the widespread occurrence of
orthopyroxene, granulite-facies metamorphism characterizes
the eastern 120km of the interior of the Quetico belt.
Although the metamorphic assemblage, garnet-
orthopyroxene-biotite-plagioclase-K-feldspar-quartz, does
not change over the distance, orthopyroxene and garnet are
coarser and more abundant in the east. Similar rock
compositions in the Fraserdale-Moosonee Block have mainly
anhydrous garnet-orthopyroxene-plagioclase-K-feldspar-
quartz tbiotite assemblages, the main difference between
paragneiss in the two terranes being in the proportion of
biotite. Plans are underway to assess metamorphic
conditions (P-T-ay,o) in granulites of the eastern Quetico
belt and Fraserdale-Moosonee  Block using  garnet-
orthopyroxene-biotite-plagioclase-quartz geothermo-
barometry. This will further test the hypothesis, developed
in the Wawa-Timmins area to the south (Percival and
Card, 1983), that the crust west of the Kapuskasing structure
was tilted by rotation on a west-dipping thrust fault to reveal
an oblique crustal cross-section.
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Abstract

East of Saint John Harbour, three phases of Alleghenian deformation affect the
grey lithic arenites (Lancaster Formation) and underlying, pink polymict
conglomerates and siltstones (Balls Lake Formation) of the Carboniferous Mispec
Group. The first (D, ) produced a widespread cleavage (S:) that dips gently southeast
and is axial planar to rare mesoscopic folds (F1) of northwest vergence. The second
(D, ) was not a fabric-forming event but a period of gentle warping which produced the
broad domes and basins (F,) that define the regional structure. The third (D3)
produced a second cleavage (S3) that is less widespread but locally overprints that of
D). S; dips moderately northwest and is axial planar to frequent mesoscopic folds (Fs3)
that verge southeast. On a regionadl scale, the Mispec Group is flat-lying, large-scale
overturned structures are absent, and the intensity of Alleghenian deformation
increases southward. Relationships support a parautochthonous Mispec terrane in
which the Balls Lake and Lancaster formations reflect both proximal fan and more
distal fluvial facies deposited in advance of, and subsequently overridden by, an
allochthonous Alleghenian terrane to the south. This contrasts with relations west of
Saint John where the Mispec Group is itself allochthonous and lies south of the
Alleghenian (Variscan) front.

Résumeé

A l'est de Saint John Harbour, trois phases de la déformation dalléghanienne ont
affecté les arénites lithiques grises (formation de Lancaster) et, au-dessous, les
conglomérats polygéniques roses et les siltstones (formation de Balls Lake) du groupe
carbonifere de Mispek. La premiere phase (D;) a produit un clivage étendu (S,) qui
plonge doucement vers le sud-est et qui se trouve dans le plan axial de rares plis
mésoscopiques (F;) de vergence nord-ouest. La deuxieme phase (D, ), qui n'a pas agl
sur la structure des roches, a été une période de gondolements de faible amplitude qui
a donné naissance aux larges domes et bassins (F2) qui définissent la structure
régionale. La troisieme (D3) a créé un deuxieme clivage (Ss) qui est moins étendu que
le premier mais qui se superpose par endroits a D;. S; présente un pendage modéré
vers le nord-ouest et se trouve dans le plan axial de plis mésoscopiques nombreux (F3)
de vergence sud-est. A l'échelle régionale, le groupe de Mispek est plat; on n'y
rencontre pas de structures déversées sur une grande échelle et llintensité de la
déf ormation alléghanienne s'accroit vers le sud. Les relations observées appuient
l'hypothese d'un terrain (Mispek) parautochtone dans lequel les formations de Balls
Lake et de Lancaster correspondent a un faciés proximal en éventail et & un facies
distal d'origine fluviatile qui se sont déposés avant l'arrivée, au sud, dun terrain
alléghanien allochtone qui les a subséquemment recouverts. Ces constatations
contrastent avec les relations observées & l'ouest de Saint John, o1 le groupe de Mispek
est lui-méme allochtone et s'étend au sud du front de la déformation alléghanienne
(Variscan).

! Department of Geological Sciences, Ohio University, Athens, Ohio 45701



Introduction

In the northern Appalachians, deformation associated
with the Alleghenian (Variscan/Hercynian) event is largely
localized within late Paleozoic basins of the Avalon terrane,
whose development is dominated by right-lateral, strike-slip
displacements (Bradley, 1982). This, however, is not the case
in southernmost New Brunswick where Alleghenian
deformation has produced a belt of stacked thrust sheets.
The belt, which trends east-northeast, terminates across a
prominent thrust zone that is considered to separate the
strongly deformed Carboniferous sediments of the Mispec
Group from those of the essentially undeformed Kennebecasis
Formation to the north (Ruitenberg and McCutcheon, 1982).
The coarse redbeds of the Kennebecasis Formation are

locally derived (Currie, 1984; Currie et al., 1981) and
probably reflect alluvial and fluvial sedimentation within
fault-bounded, strike-slip basins. The siltstones and
conglomerates of the Mispec Group, in contrast, are of
uncertain depositional environment and largely unknown
provenance. As the two successions are likely to be, at least
in part, penecontemporaneous (Currie, 1984), the thrust zone
that separates them 1is widely held to be a major
tectonostratigraphic boundary that marks the Alleghenian
(Variscan) front in Maritime Canada (Rast and Grant, 1973).
Accordingly, the Mispec Group is viewed as an allochthonous
terrane that has been transported northwestward from its
site of deposition, along a thrust that defines its northern
limit of outcrop. This interpretation is well documented to
the west of Saint John (Rastet al., 1978, 1975) where
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sediments of the Mispec Group are involved in major
overturned structures and nappe-like complexes of regional
extent.

To the east of the city, however, the Mispec Group is
broadly flat-lying, large-scale overturned structures are
absent, and the intensity of its deformation increases to the
south rather than the north (Currie and Nance, [983). As a
result, the position of the Alleghenian front in this region is
uncertain and, in the absence of evidence for major thrusting,
the relationship of the Mispec Group to penecontemporaneous
units farther north remains unclear.

This report, which documents the structural geometry
of the Mispec Group along the eastern shore of Saint John
Harbour, represents a preliminary step in a larger project
almed at resolving the nature of the Alleghenian front east of
Saint John, and the relationship of this thrust belt to the
regional strike-slip faulting that is the main deformational
response to the Alleghenian event in the northern
Appalachians.

Stratigraphy

The diverse Carboniferous sediments of the Mispec
Group have traditionally been subdivided into three

The Lancaster Formation largely comprises grey lithic
arenites with occasional thin siltstone beds that contain
poorly preserved plant fragments of Pennsylvanian age
(Westphalian B; Stopes, 1914). The Balls Lake Formation
consists of red to pink polymict conglomerates, siltstones,
shales and minor sandstones. The West Beach Formation is
predominantly a bimodal volcanic unit comprising acid and
basic tuffs, agglomerates, and both rhyolitic and locally
pillowed basaltic flows, interbedded with maroon siltstones
and sandstones.

Despite this simple subdivision, the stratigraphy (and
hence  structure) remains uncertain, as complete
disagreement exists with respect to the sequence of these
formations. Hayes and Howell (1937) believed that the
Lancaster Formation (their Little River Series) was
sequentially overlain by the Balls Lake and West Beach
formations. Alcock (1938), in contrast, placed the Lancaster
Formation above the West Beach and Balls Lake formations,
an  order supported by  Ruitenbergetal. (1979).
Wardle (1978), however, concluded that the West Beach
Formation was overlain by the Balls Lake and Lancaster
formations in the exact reverse order to that of Hayes and
Howell (1937). The latter stratigraphy has been substantiated
by Currie and Nance (1983), and provides the basis for the
ongoing re-examination of the structural and depositional

i a w 73 . . .
formations (Hayes and Howell, 1937;  Alcock, 1938) history of the Mispec Group.
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Currie and Nance (1983) also established evidence for a
correlation between much of the West Beach Formation and
the bimodal, late Precambrian and recently identified
Eocambrian (Currie, 1984) volcanics and volcaniclastics of
the nearby Coldbrook Group (Fig. 2.1). As this would entirely
remove the West Beach Formation from the Carboniferous
Mispec Group and dramatically affect interpretations of the
regional structure, further substantiation of this correlation
is a high priority of the ongoing reinvestigation. The West
Beach Formation, however, was not encountered in the areas
described in this report.

Structural geometry

Three phases of Alleghenian deformation affect the
Balls Lake and Lancaster formations along the eastern shore
of Saint John Harbour. Two of these are locally major
fabric-forming events such that the three phases may be
placed in sequential order on the basis of overprinting. All
three are not everywhere developed, however, and while the
first two affect all lithologies of the Mispec Group from
Saint John to Cape Spencer (Fig. 2.1), the third is absent
north of Cranberry Point and progressively intensifies
southward.

D, structures

The earliest deformational structures take the form of
a variable but widespread cleavage (S,) that is broadly axial
planar to rare, mesoscopic folds (F;) of consistent northwest
vergence. In the sandstones of the Lancaster Formation
between Little River Beach and McNamara Point (Fig. 2.2),
D) constitutes the only phase of mesoscopic structuring and
its style is spectacularly displayed at the mouth of Little
River (insert; Fig. 2.2) where well-defined beds (S,) of the
Lancaster Formation are deformed about an F; syncline that
plunges gently south-southwest. Diagnostic sedimentary
criteria for younging are absent, but the overturned nature of
the southeastern limb of the fold is clearly demonstrated by
the relationship of bedding to the strongly developed axial
planar cleavage (S;). This dips moderately southeast and
locally gives rise to a prominent bedding/cleavage
intersection lineation (L;). A similar, asymmetric rather
than overturned, syncline occurs midway between Midwood
and McNamara Point (Fig. 2.2), where it plunges due south.
At McNamara Point itself, D, structuring is associated with
displacement along a minor thrust fault (insert; Fig. 2.2).
Marked by a few decimetres of cataclasite, the thrust
parallels an S; cleavage that progressively intensifies toward
the thrust surface and defines the axial plane of a strongly
asymmetric F, anticline developed in the hangingwall. As at
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Little River Beach, the fold displays a tight Class 1C profile,
and is overturned toward the northwest. Displacement on the
thrust surface, however, is likely to be small. Conglomerate
pebbles at McNamara Point are flattened within the §;
cleavage and locally extended parallel to the F; axes and the
L intersection lineation.

Farther south, in the redbeds of the Balls Lake
Formation between Black Point and Mispec Bay (Fig. 2.1),
mesoscopic F; folds have not been observed, and S; takes the
form of a bedding-subparallel cleavage. Dips to the
southeast still predominate but they are gentle and locally
range through northeast to northwest under the influence of
subsequent folding (Fig.2.3). As with the Lancaster
Formation, conglomerates, such as those at Deep Cove, may
locally show strong L-S tectonite fabrics.

D2, structures

The second deformation reflects a period of gentle
warping rather than a fabric-forming event, but produced the
broad domes and basins that characterize the pattern of
regional structuring (Fig. 2.1). Fold axes (F,) are
subhorizontal and plunge northeast and southwest, broadly
parallel to those of F;. However, the event produced no
minor structures and is recognizable only as a regional
sinuosity in the orientation of bedding and the S; cleavage.
That it post-dates D; is clearly demonstrated in the Balls
Lake Formation north of Black Point (Fig. 2.3) where S¢ and
S, define a gentle, northeast-plunging flexure within which
individual outcrops (tie-lines on insert; Fig. 2.3) maintain a
constant angular relationship (11°) between cleavage and
bedding as these are traced around the fold closure. South of
Deep Cove (Fig. 2.3), a more open F, fold is well exposed and
locally causes the S; cleavage to dip northwest. Megascopic
flexures of Spo and S; in the Balls Lake Formation east of
Rocky Corner (Fig. 2.3), and the Lancaster Formation north
of McNamara Point (Fig. 2.2), are also considered F, folds.

D3 structures

The final deformation represents the second fabric-
forming event which is less widespread but locally overprints
that of D;. Dj is largely absent north of Black Point, and has
not been observed in the Lancaster Formation of the
Midwood section (Fig. 2.2). In the Balls Lake section of
Mispec Point (Fig. 2.3), it takes the form of a locally
prominent cleavage (S3) that is similar in appearance to S;
and is likewise axial planar to mesoscopic folds (F3). The
cleavage, however, dips consistently northwest at moderate
angles such that F3 folds are asymmetric or overturned to
the southeast. S3 is unaifected by, and hence post-dates, the
F, flexuring. The style of D3 structuring is well displayed at
Mispec Point (Fig. 2.4) where conglomerates of the Balls
Lake Formation are deformed about a tight F3 fold-pair that
plunges gently southwest. Fold profiles are of Class IB to 1C
style with a strong axial planar (S3) cleavage that has almost
entirely overprinted the scarcely recognizable S, fabric. The
fold-pair may reappear on the coastline farther to the
northeast as an overturned structure that plunges gently
northeast (Fig. 2.3). Dj structuring is also developed to the
east and south of Deep Cove (Fig. 2.3) where Fj3 fold-trains
with wavelengths on the order of 100 m are associated with
intensification of the S3 cleavage. Away from Fj; closures,
however, an often gently dipping S3; cleavage is more weakly
developed such that the S, cleavage is preserved. On the
coast east of Rocky Corner (Fig. 2.3), for example, excellent
flat-lying, polyphase cleavage occurs that is commonly
modified by strong refraction of both cleavages across
alternating conglomerate and silistone beds. The cleavages
intersect to produce a rhombic pattern except in areas of F3
minor folding where S; is axial planar to folds in Sj.
Sedimentary structures, however, are often well preserved
and demonstrate that the succession is consistently upward-
younging.
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Summary and discussion

Deformation in the Mispec Group east of Saint John
Harbour records two phases of cleavage formation separated
by a period of regional warping. Both cleavage phases have
also been recognized in the Mispec Group farther east
(Ruitenberg et al., 1979), although their regional significance
will remain uncertain until a firm Carboniferous stratigraphy
is established. Nevertheless, both local and regional (Currie
and Nance, 1983) studies suggest that the two phases of
deformation produced only mesoscopic structures in a region
dominated by essentially flat-lying sequences that
consistently young upwards. This contrasts with the
Alleghenian structure west of Saint John (Rast et al., 1978,
1975) where the first and principal cleavage is axial planar to
regional overturned structures that are displaced along
cleavage-subparallel thrust surfaces. The cleavage dips
gently southeast but steepens and intensifies toward the
northwestern limit of the Mispec Group, as the Alleghenian
front is approached. Minor refolding during a second
deformational phase produced an axial planar cleavage that
dips gently northwest.

East of the city, deformation associated with the
northwestern margin of the Mispec Group is not appreciable,
but rather intensifies southward from Mispec Bay to Cape
Spencer  (Fig. 2.1), where largely transposed and
stratigraphically uncertain lithologies of the Mispec Group
are tectonically overlain by a granitic unit of unknown
affinity (Currie and Nance, 1983). Such relationships seem
incompatible with an allochthonous Mispec terrane bound by
an Alleghenian front along its northwestern edge. Instead,
the observations suggest an autochthonous or
parautochthonous Mispec terrane bound by an Alleghenian
front to the south. This interpretation is compatible with the
revised Mispec stratigraphy and supports the tentative
proposal of Currie and Nance (1983), that the Balls Lake and
Lancaster formations respectively comprise proximal fan and
more distal fluvial facies deposited in advance of, and
subsequently overridden by, an allochthonous Alleghenian
terrane to the south.
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Abstract

Field and laboratory investigations of recently discovered uranium occurrences
and deposits have revealed that (a) the minerdlization processes that formed the Cigar
Lake deposit, Saskatchewan were similar to those reported for the McClean Lake
deposit; (b)the recently discovered Boomerang Lake occurrence related to the
sub-Thelon unconformity occurs in a geological environment similar to that hosting
deposits related to the sub-Athabasca unconformity; (c) additional occurrences of
mineralization similar to the Black Sturgeon Lake showing, Ontario, will be restricted
to areas containing uraniferous igneous rocks adjacent to ferruginous metavolcanic
rocks in areas affected by Keweenawan hydrothermal activity; (d)uranium
occurrences in the Otish Basin, Labrador Trough, Central Mineral Belt of Labrador and
the Nonacho Basin were formed by epigenetic processes.

Résumé

Des études en laboratoire et sur le terrain d'accumulations et de gisements
d'uranium récemment découverts ont révélé que (a) les processus de minéralisation a
l'origine du gisement de Cigar Lake (Saskatchewan) sont analogues & ceux qui ont
supposément concouru a la formation du gisement de McClean Lake; (b) le gisement
récemment découvert de Boomerang Lake, que l'on rattache a la discordance sous-
jacente a la formation de Thelon, se présente dans un environnement géologique
semblable a celui qui renferme les gisements associés & la discordance sous-jacente a
la formation d'Athabasca; (c¢) d'autres minéralisations comparables a l'accumulation
superficielle de Black Sturgeon Lake (Ontario) se limitent & des régions qui
contiennent des roches ignées uraniféres adjacentes a des roches métavolcaniques
ferrugineuses, elles-mémes situées dans des régions qui ont été soumises a l'activite
hydrothermale de Keweenawan; (d) les minéralisations d'uranium découvertes dans le
bassin d'Otish, dans la dépression du Labrador, dans la zone minérale centrale du
Labrador et dans le bassin de Nonacho ont été formées par des processus
épigénétiques.



Introduction

Geological studies of Canadian uranium deposits and
uranium-bearing areas continued in 1984 commensurate with
uranium exploration activity in Canada, which remained
almost on the same level as in 1983. Locations of the main
exploration targets in 1984 are shown in Figure 3.1. Selected
key deposits and areas in Saskatchewan, Northwest
Territories, Quebec and Ontario were studied in detail by the
authors in the course of a biennial assessment of Canadian
uranium resources conducted on behalf of the EMR Uranium
Resource Appraisal Group. Some results are presented in this
paper.

Athabasca Basin region, Saskatchewan

The Athabasca Basin region was the main subject of
geological studies and also the main target of uranium
exploration in 1984 because the world's largest high grade
uranium deposits occur in this region. Results of some of
these studies have recently been published by, among other
authors, Wallis et al. (1984), Ruzicka (1984), Artru et al.
(1984), Ey (1984), Grauch et al. (1984), and Darnley et al.
(1984). Extensive exploration for uranium was conducted in

the region by Cogema Canada Limited, Eldor Resources
Limited, AGIP Canada Limited, Saskatchewan Mining
Development Corporation, Minatco Limited, Uranerz
Exploration and Mining Limited, Amok Limited and by other
companies associated with these operations.

The main exploration targets (Fig. 3.2) were: (1) the
Waterbury Lake area including the Cigar Lake deposit, Tibia
Lake, Longyear Bay and Close Lake prospects; the Dawn
Lake and McArthur River blocks including the Dawn Lake
zones and the BJ prospect; (2) the Collins Bay area including
the B zone; the Studer-Umpherville block including the Sand
Lake prospect; the Hatchet Lake and the Fife Island areas;
(3) the Key Lake area including Boundary Lake segment;
(4) the Carswell Structure; and (5) the Stoney Rapids area.
All of these target areas contained either ore bodies or
mineralization associated with  the  sub-Athabasca
unconformity.

Waterbury Lake area

A brief description of the mineralization was reported
by Ruzicka and LeCheminant (1984, p. #4). It occurs in an
altered zone mainly within the lowermost part of the clastic
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Figure 3.2. Main uranium exploration targets in the Athabasca Basin region, Saskatchewan, 1984.
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Figure 3.3. Relict quartz clasts (light grey) replaced by
iron oxide (Fe) and surrounded by later pitchblende (U, Pb).
Cigar Lake deposit, Saskatchewan. (Reflected light)
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stone. Cigar Lake deposit, Saskatchewan. (Reflected light)
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sedimentary rocks of the Athabasca Group at a depth of
410 to 440 m (Saskatchewan Mining Development
Corporation, 1984).

The basement rocks consist of: augen gneiss, and
graphitic metapelite with pyrite; calc-silicate rocks and
granite-pegmatite. The basement rocks are locally
mylonitized, fractured, faulted and, in the vicinity of the
mineralization altered to chlorite and clay.

The sandstone at the base of the Athabasca sequence
consists of subangular quartz clasts in a matrix of illitic clay-
mica (glauconite-celadonite) and kaolinite. Some of the
quartz has been replaced by iron oxides and pitchblende. The
youngest gangue minerals are siderite, chamosite and calcite
(Fig. 3.3). In the vicinity of the mineralization the sandstone
contains vugs filled with druses of euhedral quartz or calcite
with subhedral siderite and patches of chamosite (Fig. 3.4).

The rhineralization occurs in two associations:
(a) polymetallic containing pitchblende and Ni-, Cu-, Pb-
and Ti- minerals, commonly accompanied by chlorite, illite
and carbonates; this assemblage occupies, as a rule, the
lowermost portions of the mineralized bodies; (b)as
pitchblende/coffinite concentrations associated with iron
oxides, iron sulphides and clay minerals; this assemblage
generally occupies upper portions of the mineralized bodies.

The pitchblende occurs in several forms and at least in
two generations: in addition to massive, disseminated, vein,
breccia and botryoidal forms (Ruzicka and
LeCheminant, 1984), it occurs in clusters of cubic grains
(Fig. 3.5) which resemble the alpha-uranium-heptaoxide
described by Dahlkamp (1978) from the Key Lake deposit.

Microscopic and megascopic observations indicate:
(@) ore formation took place in several stages, the
polymetallic phase being the earliest; (b) distribution of the
mineralization was  structurally controlled by the
sub-Athabasca unconformity, which is intersected by a zone
of fracturing; (c) mineralization apparently took place at the
interface of ascending and reducing hydrothermal fluids with
oxidizing descending or laterally moving solutions;
(d) alteration processes included: authigenic formation of
illitic  clay-mica  (glauconite-celadonite), chamosite,(?)
chlorite and kaolinite; partial dissolution of clastic quartz, its
recrystallization in vugs or redeposition in silicification
haloes; deposition of late stage carbonates.

These observations are compatible with a model for
development of the McClean deposits proposed by
Wallis et al. (1984) and with genetic considerations
summarized by Darnley et al. (1984).

Baker Lake — Thelon region, Northwest Territories

In addition to the Lone Gull and UG Lake
(Lac Cinquante) deposits, known for some vyears, several
other uranjum occurrences have been discovered in the Baker
Lake — Thelon region and exploration has continued during
recent years. Most of the exploration was oriented towards
discovery of deposits associated with the sub-Thelon
unconformity using a conceptual genetic model derived from
deposits in the Athabasca Basin region. Although most of the
deposits and occurrences in the Baker Lake — Thelon region
exhibit features fitting at least in part the model for
Athabasca-type deposits (Tremblay, 1982; Wallis et al., 1984)
the best example of this type is apparently the occurrence
discovered by Urangesellschaft Canada Limited at
(Boomerang Lake in the southwestern part of the Thelon Basin
Fig. 3.1).

Boomerang Lake occurrence

The occurrence was discovered by drill-testing
geochemical and geophysical anomalies on claims optioned by
Urangesellschaft Canada Limited from Dome Mines Limited
(Indian and Northern Affairs, Canada, 1983).

The uranium/polymetallic mineralization occurs in an
illite-chlorite-kaolinite altered zone at the sub-Thelon
unconformity. This unconformity separates Proterozoic
basement rocks — biotite-garnet gneiss with intercalations of
graphitic and pyritic pelite and granite pegmatite — from
locally limonitized and bleached sandstone of the Thelon
Formation. The bedrock is covered by thick overburden
(Fig. 3.6). In addition to uranium, which occurs in massive
pitchblende, the mineralization contains Pb, Ni, Co, V, Cr,
Zr, Zn, Au and Ag. The upper part of the basement rocks is
regolithic and contains hematite pseudomorphs after garnet.

Sibley Basin, Ontario

Lithostratigraphic similarities between the Athabasca
and Sibley basins led about eight years ago to a search for
uranium deposits spatially related to the sub-Sibley
unconformity in an area between Nipigon, Pass Lake and
Black Sturgeon Lake. This search was spurred by discoveries
of uranium mineralization associated with the unconformity
at the Enterprise mine (Ruzicka, 1977) and by studies of
occurrences in the Nipigon area (Franklin, 1978).

Discovery of a uranium occurrence near Black Sturgeon
Lake triggered field and laboratory studies by the Geological
Survey (Ruzicka and LeCheminant, 1984) and Carleton
University  (Thompson, 1984). Additional results of
subsequent studies follow.

Black Sturgeon Lake occurrence

Uranium mineralization of the Black Sturgeon Lake
occurrence is confined to: (a)albitic granite pegmatite and
(b) fractures in adjacent ferruginous rocks.

Uranium- and thorium-bearing minerals in the
pegmatite are irregularly distributed (Fig. 3.7) in a coarse
grained rock composed of large multigranular quartz grains
with sutured internal grain boundaries, anhedral dusty
orthoclase and minor plagioclase with albite twinning. The
rock locally contains myrmekite. The main radioactive
minerals are thorite (Fig. 3.8) and brannerite embedded in
orthoclase (Thompson, 1984).

The ferruginous rocks are apparently volcanics, rich in
magnetite and ilmenite, with biotite-muscovite or an
amphibole-rich matrix, with abundant titanite as a separate
phase or closely intergrown with ilmenite. Prehnite occurs in
narrow veins associated with calcite, or as large laths in the
matrix with amphibole and chlorite, suggesting hydrothermal
alteration.  The mineralization f{filling fractures in the
ferruginous rocks is epigenetic and consists of thorium-free
pitchblende. It is associated with hematite; magnetite,
commonly altered to hematite along the contact with
the pitchblende; a chlorite-actinolite-hornblende assemblage
(Fig. 3.9); titanium-bearing minerals (Fig. 3.10); a magnetite-
biotite-amphibole assemblage (Fig. 3.11); or with prehnite
and/or calcite. Accessory minerals in the fracture fillings
locally are pyrite, galena and sphene (Fig. 3.12); apatite,
chalcopyrite and covellite.

On the basis of these and previous observations
(Ruzicka and LeCheminant, 1984; Thompson, 1984) the
genesis of the Black Sturgeon Lake occurrence can be

19



Figure 3.7.  Autoradiograph of albitic granite pegmatite Figure 3.9. Pitchblende (U, Pb, Fe, Si) occurring in elongate

containing grains of thorite and minor amounts of brannerite. patches in a matrix of chlorite, actinolite and hornblende.
BRlack Sturgeon Lake occurrence, Nipigon area, Ontario. Plack Sturgeon Lake occurrence, Nipigon area, Ontario.
Positive image. (Reflected light)

o

o
- g AV
100 um P X ; “« 300 um
Figure 3.8. Thorite (th) embedded in orthoclase in granite Figure 3.10.  Pitchblende (U, Pb) intimately associated with
pegmatite. Black Sturgeon Lake occurrence, Nipigon areaq, titanium minerals in a sandstone matrix. Black Sturgeon

Ontario. (Reflected light) Lake occurrence, Ontario. (Reflected light)
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Figure 3. 11. Pitchblende (U, Pb) associated with a
magnetite-biotite-amphibole assemblage. Black Sturgeon
Lake occurrence, Nipigon area, Ontario. (Reflected light)

interpreted as follows: (a)the source of uranium was
apparently the albitic granite pegmatites; (b) uranium was
carried from the source to the site of deposition in
hydrothermal solution; {c) propulsion of the solutions was
caused by Keweenawan igneous activity; (d) deposition of
uranium-bearing minerals, caused by interaction between the
solutions and the {ferruginous rocks, was associated with
development of hematite and chlorite.  Therefore, the
potential for discovery of this type of mineralization is
restricted to areas containing uranjum-bearing igneous rocks
adjacent to ferruginous metavolcanic rocks and in the
vicinity of Keweenawan diabase bodies.

Other areas

The remaining areas explored for uranium in 1984 were:
Otish Basin, Quebec; Labrador Trough, Quebec and Labrador;
Central Mineral Belt of Labrador; and Nonacho Basin,
Northwest Territories. A limited amount of exploration was
conducted in the Elliot Lake area, Ontario.

Metallogenic features of the Otish Basin relating to
uranium mineralization were reported by Ruzicka and
LeCheminant (1984) and are being analyzed in more detail.
Some of the uranium occurrences contain epigenetic
mineralization and are located at the contact between gabbro
sills and dykes and the units of the Otish Group. The host
rocks are usually epidotized, chloritized, albitized and
carbonatized.

Figure 3.12.
granular calcite and, in addition to pitchblende, (not shown),
galena (ga), sphene (sph) and pyrite (py). Black Sturgeon Lake
occurrence, Nipigon area, Ontario. (Reflected light)

Fracture filling containing local lenses of

Uranium occurrences in the Schefferville— Lac
Romanet area of the Labrador Trough are described by Bell
and Ruzicka (1985). These reports are complementary to
previous reports, such as by Kish and Tremblay-Clark (1978)
and Kish and Cuney (1981).

Exploration activity for uranium in the Central Mineral
Belt of Labrador has been recently revived in the Heggart
Lake segment of the belt (Smyth et al., 1978). In addition to
the occurrence reported by Smyth et al. (ibid.), uranium
mineralization was identified in this area in the following
environments: (a) as veins or scattered grains of opaque
minerals (brannerite?) in very fine grained volcanic rocks
consisting of subhedral plagioclase in a greenish aphanitic
matrix of chlorite and opaques. The uranium minerals are
accompanied by small amygdules of chlorite or chlorite-
chalcopyrite-galena-carbonate; locally the plagioclase is
sericitized; (b) as cuspate zones of a radioactive metamict
mineral (brannerite?) associated with chalcopyrite, in the
plagioclase-rich reddish matrix of a dolomite breccia; (c) in a
mudstone — marl (?) consisting of a chlorite-carbonate-quartz
assemblage as a partly metamict uraninite-like phase
(according to XRD analysis); and (d)in a chlorite-quartz
aphanitic rock as an unidentified uranium-bearing phase
(XRD analysis yielded only a chlorite group pattern)
associated with disseminated pyrite.

Uranium occurrences additional to those reported by
Gandhi (1978) and Gandhi and Prasad (1980) were discovered
in the Nonacho Basin area, Northwest Territories, by
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exploration companies. Several of the occurrences are
related to the sub-Nanacho unconformity and occur as
fracture fillings in both the Nonacho cover and in the
Archean basement rocks. Some of the occurrences in the
Nanacho Basin and adjacent areas are related to sodic
metasomatic processes (albitization).
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Abstract

Emerald green amazonite occurs as 2-20 mm crystals in a coarse, peraluminous
biotite granodiorite in the Portman Lake area, Northwest Territories. Increasing
concentration of lead in the potassium feldspar results in a gradual change in colour
from white (Pb-poor) to green (Pb-rich). Increasing concentration of zinc results in
the formation of a zincian spinel (gahnite) and, eventually, sphalerite (and pyrrhotite,
pyrite and galena) as sulphur becomes available. Gahnite, sphdlerite, pyrrhotite,
pyrite and galena are found in a much finer grained portion of the same granodiorite.
The fine grained granodiorite is a product of rapid crystallization caused by volatile
loss through rapid decompression. The most plausible mechanism to explain the
enrichment in lead and zinc appears to be contamination of the granodiorite by
suitable host rocks, but the rocks sampled nearby are not considered appropriate.

Résumé

L'amazonite vert émeraude Se présente sous forme de cristaux de 2a 20 mm
dans une granodiorite & biotite peralumineuse, a grains grossiers, dans la région de
Portiman Lake (Territoires du Nord-Ouest). L'augmentation de la concentration du
plomb dans le feldspath potassique se traduit par un passage graduel de la couleur du
blanc (feldspath pauvre en plomb) au vert (feldspath riche en plomb). De méme, a
mesure que s'accroit la concentration du zinc, apparaissent successivement du spinelle
zincifére (gahnite), puis, en présence du soufre, de la sphalérite (ainsi que de la
pyrrhotite, de la pyrite et de la galéne). La gahnite, la sphalérite, la pyrrhotite, la
pyrite et la galéne se trouvent dans une partie de la granodiorite a grains beaucoup
plus fins. La granodiorite a grains fins résulte d'une cristallisation rapide causée par
une perte de matiéres volatiles sous l'effet d'une décompression brusque. L'explication
la plus plausible de l'enrichissement en plomb et en zinc semble étre une
contamination de la granodiorite par des roches méres ayant les propriétés voulues,
mais les échantillons prélevés dans le voisinage ne sont pas jugés appropriés.

! Department of Geological Sciences, McGill University, 3450 University Street,
Montreal, Quebec H3A 2A7
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Introduction

A small but striking occurrence of emerald to apple
green amazonite (lead-bearing potash feldspar) granodiorite
and mineralized granodiorite forming part of a regional
granodiorite complex is poorly exposed in the Portman Lake
area of the Hill Island Lake sheet (76 C), Northwest
Territories. The occurrence is part of the northern extension
of the Northeast Granodiorite-Diorite Complex mapped by
Koster (1962) in adjacent northern Saskatchewan where it
contains hornblende dated by +the K/Ar method at
2370 + 40 Ma  (Koster et al., 1970). According to
Koster et al. the massive synkinematic to late kinematic
composite pluton consists of various granitic, granodioritic
and dioritic rocks that display nebulitic structures considered
consistent with an anatectic origin. The amazonite occur-
rence was discovered by K. Ashton while engaged in
preliminary reconnaissance of the Hill Island Lake sheet for
the Geological Survey of Canada in 1979.

The occurrence is 340 m south-southeast of a datum
point on the southeastern shore of a small lake in the
southern part of the map area (long. 109°08'W, lat. 60°04'N,
Fig. 4.1). The anhedral to subhedral crystals of amazonite,
up to 2 cm across, make up the K-feldspar component of a
biotite granodiorite that outcrops in the area shown in
Figure 4.1. Blocks of amazonite-bearing granodiorite are
found in talus below the outcrop. The amazonite-bearing
granodiorite is surrounded by similar biotite granodiorite in
which the K-feldspar is white. Two sulphide-bearing lenses
in the same outcrop contain sphalerite, pyrrhotite, pyrite,

galena, chalcopyrite and spinel (principal end-members
FeAl, 0, and Zn3Al,O4). The lenses of mineralized fine-
grained granodiorite apparently are younger than the coarse-
grained granodiorite.

The granodiorite-diorite complex contains small bodies
of fine- to medium-grained pink granite composed of pink
microcline, quartz and albite, one of which lies across the
northern extremity of the amazonite occurrence. The
contacts of this body with the granodiorite are ambiguous;
pink granite veins cut the granodiorite, suggesting that the
pink granite is younger than the granodiorite; but because the
main contacts are gradational the bordering granite could
have been remobilized during intrusion of granodiorite
magma. Neither pink granite nor the granite veins contain
sulphides. North of Saskatchewan — Northwest Territories
boundary, the eastern and western limits of the enclosing
granodiorite pluton have yet to be mapped.
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Geology of the amazonite occurrence. Dashed lines indicate limit of outcrop.

Inset map shows the location of the datum (reference point) with respect to Portman Lake.
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Petrography

The coarse grained granodiorite and granite are com-
posed of plagioclase (andesine), microcline, quartz, biotite,
garnet = hornblende, epidote and pyrrhotite; accessory
apatite, zircon and ilmenite are found largely as inclusions in
flakes of biotite up to 15 mm across. Hornblende is
associated with biotite. Plagioclase and microcline are
generally both white except in a 15 m? area, where the
colour of the microcline gradually progresses from white
through pale green to emerald green. The amazonite-bearing
granodiorite is also in contact along one side with a lens of
sulphide-bearing, fine grained granodiorite. The amazonite
(Fig. 4.2) is texturally similar to white microcline that is
present in other parts of the pluton. The colour of each grain
is homogeneous (i.e., there is no colour zoning). Inclusions of
quartz, biotite, plagioclase and apatite are common. The
microcline (either green or white) appears microperthitic to
mesoperthitic. Almandine garnet forms subhedral 1-3 mm
grains that are largely nonpoikilitic. Trace amounts of
pyrrhotite are interstitial to silicate minerals in the
amazonite granodiorite.

Chemical compositions of both normal and amazonite-
bearing granodiorite are given in Table 4.1. Normative
corundum indicates that the series has a peraluminous
character. Note the striking difference in Pb content

Table #.1.  Chemical composition of Granodiorite
and Sulphide-bearing rock, Portman Lake,
Northwest Territories

179D 127A 124PG 124A 126A
1 2 3 4 5
Si0z 63.07 64.03 70.68 61.56 68.66
TiO2 0.76 1.08 0.83 0.20 0.44
Al;03 15.65 14,31 13.85 11.26 13.42
Fe,O3* 8.58 9.60 5.87 11.05 8.89
MnO 0.13 0.15 0.46 0.10 0.07
MgO 1.11 0.82 0.31 0.26 0.29
Ca0O 3.34 3.22 2.86 0.16 0.25
Na,O 2.65 2.69 2.99 1.62 1.65
K20 3.49 3.33 1.29 2.66 2.97
P20s 0.26 0.30 0.06 0.04 0.03
BaO 0.15 0.20 0.04 0.04 0.06
SrO 0.05 0.04 0.02 0.01 0.01
LOI 1.56 0.83 0.15 4.82 3.14
Total 100.78  100.58 99.41 93.77 99.85
Trace elements (ppm)
Nb 20.0 18.6 4.2 0.0 13.5
Zr 320.4 289.5 214.8 97.2 191.4
Y 29.9 16.9 96.7 0.0 0.0
Rb 95.4 140.3 52.0 61.0 68.1
Th 5.4 0.0 31.9 35.3 11.8
Pb 53.0 268.6  1817.0 3662.0 751.0
Zn 462 326 182 7.5% 5100
Cu 177 243
1. Coarse grained granodiorite with white microcline
2. Coarse grained granodiorite with pale green amazonite
3. Biotite-poor, coarse grained granodiorite with emerald
green amazonite
4. Sulphide-bearing sample from talus: best assay
5. Fine grained granodiorite, sulphide-bearing sample from
outcrop
* Total iron expressed as Fe,Os. The samples were
analyzed by X-ray fluorescence at McGill University.
LOI: loss on ignition.

Figure 4.2. An

amazonite-bearing
amazonite (A), biotite (B) and plagioclase (P). The linear
feature (G) in the top right corner is a granitic vein
containing pink microcline and some epidote.

granodiorite;

between the normal granodiorite (179D: 53 ppm Pb) and the
amazonite-bearing granodiorite (124PG: 1817 ppm Pb). The
unmineralized granodiorite is surprisingly rich in iron (up to
9.6% Fe,03, total iron expressed as Fe,O3) and depleted in
magnesium. The iron is probably largely Fe?*, as ilmenite is
the only opaque oxide present. Pb and Zn contents are
generally low (92 and 43 ppm, respectively) in the pink
granite.

Within the same 15 m? area, two lenses of fine grained
granodiorite contain sphalerite, pyrrhotite, pyrite, galena and
chalcopyrite, in decreasing order of abundance. These lenses
also contain a greater amount of quartz and lesser amounts
of biotite, plagioclase and K-feldspar than the coarser
granodiorite. The fine grained granodiorite lenses contain
occasional glomerophyric clusters of xenocrysts of coarse
biotite and plagioclase derived from the coarse granodiorite.
Also present are muscovite and gahnite, which together may
comprise up to 40 per cent of mineralized specimens. The
feldspars have been partly altered to sericite, and spinel
grains are commonly rimmed by muscovite.

The sulphides are interstitial to the silicate minerals
and are usually enclosed in a mesh of intergrown muscovite
and fine grained white mica. Pyrite forms subhedral cubes
that may be partly enclosed by pyrrhotite or sphalerite
(Fig. #.3). Both pyrrhotite and chalcopyrite also occur as
minor exsolution-blebs in sphalerite. Inclusions of spinel are
common in the sulphides. Galena is found as minute dis-
seminated grains in the fine grained granodiorite as well as in
a 3-mm-wide vein with pyrrhotite and epidote. The vein cuts
the coarse grained granodiorite. Between the two composi-
tions of sulphide-bearing granodiorite reported (Table 4.1),
sample 124A represents the best assay, but is taken from
talus. Sample 126A is derived from an outcrop and is mere
representative of the sulphide-bearing granodiorite.



Figure 4.3. Sulphides from a minerdlized fine grained
granodiorite lens adjacent to the amazonite occurrence:
Py — pyrite; Sp — sphalerite; Po — pyrrhotite; Gn — galena; and
Cp — chalcopyrite. Weathering has produced a pyrite rim on
some grains of pyrrhotite.

Mineral composition

The chemical composition of selected minerals of the
Portman Lake occurrence was determined using a Cameca
Microbeam model MB-1 electron microprobe (Table 4.2).
Conditions of analysis and the standards used are reported in
Table 4.2.

Microcline compositions vary between Orgg and Orgy.
The three sets of data in Table 4.2 illustrate, at constant Or
composition, the effect of the progressive change in colour
from white to green: the microcline increases in Pb content
from 160 through 2790 to 14800 ppm. The only element to
show any covariation with intensity of colour is lead.
Polished-sections show that amazonite grains are completely
free of galena. Microcline contains virtually no Fe or Mg,
but may contain Ba (up to 1.2% BaO). No compositional
zoning is apparent within grains.

Mn and Cu generally amount to less than 1 wt.% in
sphalerite from the sulphide zone (Table 4.2). The assemblage
sphalerite-pyrite-pyrrhotite may allow a geobarometric study
if the degree of alteration proves to be insignificant and if
the sphalerite equilibrated with hexagonal pyrrhotite. The Fe
content of the sphalerite varies from 7% to 7.5% within
single grains and from 6% to 7.5% between samples.

Gahnite is quite variable within a single hand-specimen
(Table 4.2), with Zn and Fe varying by as much as 10 per cent
on the scale of a thin section. The gahnite is in fact a
Fe-Zn-Mg solid solution ranging in this case from hercynite
(HCGq.lchao.aMg-Sps.e) to gahnite (Hqu.thsz.aMg—Sp7.3).
The Ti content of the spinel is negligible. There is no
apparent compositional zoning in any of the sulphides or
within gahnite.

Discussion

Amazonite, typically a blue-green perthitic microcline,
is found in pegmatites or metasomatized rocks (Smith, 1974).
However, there are rare exceptions. Cechetal. (1971)

proposed that the definition be broadened to include a green
orthoclase from a pegmatite at Broken Hill, Australia.
Furthermore, the occurrence of amazonite in granodiorite at
Portman Lake also appears to be an exception to the
generalization made above.

The Pb content of amazonite from Portman Lake
reaches as much as 18850 ppm (2.03% PbO); more commonly,
however, the deepest emerald green amazonite contains, on
average, 14 000 ppm Pb. These specimens have few equals in
the world, in terms of lead content. Alker (1959; in
Cech et al.,, 1971), reported on amazonite with 1.35% Pb
from a pegmatite at Pack, Austria, and Hofmeister (1984)
and Cech et al. (1971) reported values of lead up to 2% in
amazonite from Broken Hill, Australia. Foord and
Martin (1979) showed that the change from white K-feldspar
to amazonite is accompanied by an increae in lead content,
as at Portman Lake (Table 4.2). The increase in lead content
with increasing intensity of the green colour of the
microcline is also evident from the whole-rock compositions.

Table 4.2.  Compositions of selected minerals from
the Portman Lake suite
179A 127G 124E 125C  125C
1 2 3 4 5

SiO, 63.52 64.85 62.80 0.0 0.03
Al,O3 19.20 19.02 19.26 58.19 56.65
FeO 0.0 0.02 0.0 26.00 16.88
MnO 0.90 0.l6
MgO 0.0 0.0 0.0 1.26 1.70
Ca0o 0.02 0.02 0.0 0.0 0.0
Na,0 0.82 0.82 0.87 0.41
K,0 15.37 15.09  14.32
BaO 0.99 0.84 0.80
PbO 0.02 0.30 1.59
ZnO 13.94 24.58
Total 99.93  100.95 99.64 100.70 99.91
Ab 7.5 7.6 8.4 Hc 64.1 40.4
Or 92.4 92.3 91.6 Gh 30.3 52.3
An 0.1 0.1 0.0 SP 5.6 7.3

124A 124A

6 7

Fe 7.06 61.88
Cu 0.07 0.13
Zn 59.30 0.06
Mn 0.03 0.0
S 33.88 38.06
Total 100.33  100.13

1. white microcline
2. pale green amazonite
3. emerald green amazonite
4-5. hercynite-gahnite solid solution
6. sphalerite
7. pyrrhotite

Note: The analyses were done on a Cameca Microbeam
model MB-1 electron microprobe. Accelerating
voltage: 15 kV, beam current 10 nA; most elements
were counted for 10 seconds except Ba (50 s) and Pb
(150 s). The following standards were used:
orthoclase (Si, Al, K), andradite (Fe, Ca), Mgo (Mg),
albite (Na), BaSO, (Ba), vanadinite (Pb), and
willemite (Zn) for the silicate minerals. Sulphide
standards included sphalerite (Zn), chalcopyrite (Cu,
Fe, S) and MnTiO (Mn). Olivine (Mg), spessartine

(Mn, Si, Al), andradite (Fe, Ca), willemite (Zn),
MnTiO (T1) and albite (Na) were used for the spinel.




The zinc content of the Portman spinel is relatively low
compared to that of gahnite found in some metapelitic rocks
(Frost, 1973; Dietvorst, 1980; Sunblad, 1982). However, a
similar concentration of zinc is found in the spinel in
metapelites at the Geco base-metal deposit, Manitouwadge,
Ontario, but in this locality, the spinel is much richer in Mg
and poorer in Fe.

The occurrence of gahnite-hercynite solid solution is
generally regarded as a result of the metamorphism of a
zinc-iron-bearing  assemblage  (Spry, 1982;  Ririe, 1982;
Dietvorst, 1980). However, evidence of regional meta-
morphism, such as foliation or an assemblage of clearly
metamorphic minerals, is lacking in the granodiorite. Cerny
and Hawthorne (1982) and Cerny et al. (1981) noted that
gahnite is not an uncommon constituent of peraluminous
granitic pegmatites and that it occurs almost exclusively in
sulphide-poor assemblages. The presence of gahnite at
Portman may indicate that the initial oxygen and sulphur
fugacities favoured the formation of gahnite, which appears
to have crystallized early, relative to sphalerite, which is
interstitial.

In the general case of an evolving sulphur-poor granitic
melt, one may envisage the treatment of Pb and Zn as
incompatible elements, concentrated in progressively more
differentiated melts until they become saturated at the
pegmatitic stage. At this point, Pb may be forced to
substitute for K in K-feldspar, to form amazonite, and Zn
may appear as gahnite (Foord and Martin, 1979; Cerny and
Hawthorne, 1982). This process may be viable so far as lead
is concerned, because it does show increased concentration in
the amazonite-bearing granodiorite before the appearance of
galena. Zinc, on the other hand, shows no conspicuous
concentration except in the mineralized granodiorite.
However, neither the mineralized granodiorite nor the
amazonite-bearing granodiorite resembles a late-stage
pegmatitic fraction.

Dietvorst (1980) suggested that the zinc content of
metamorphic biotite decreases with temperature and that
during the waning stages of metamorphism, zinc is released
from the biotite to form spinel. Thus, a rather rapid
decrease in the temperature of the Portman granodiorite
would have facilitated the liberation of Zn and Pb. But the
late (subsolidus) crystallization of amazonite and gahnite is
difficult to visualize and is not supported by textural
evidence. The presence of interstitial sulphides indicate that
sulphur became available only at a late stage; the formation
of amazonite and gahnite would have to predate the influx of
sulphur,

A third alternative is to propose local contamination of
the granodioritic melt. If the melt digested wall rock
enriched in Pb and Zn, the granodiorite may have become
locally enriched in these metals. This could lead to early
saturation of lead and zinc in the granodioritic melt and
subsequent primary crystallization of amazonite and gahnite.
Contamination may also result in the dilution of other
components, such as sulphur, thus forcing Pb and Zn to first
partition into amazonite and gahnite until sufficient sulphur
had accumulated to form sphalerite and galena at a later
stage. Alternatively, the melt may have been sulphur-poor,
in which case dilution would not be necessary.

The most likely contaminant might be though to be the
pink granite, because of its close proximity to the
amazonijte — sulphide occurrence, but as already noted, the
pink granite sampled contains no sulphides and has low lead
and zinc contents. Furthermore, there is some question as to
whether the pink granite predates or postdates the
granodiorite. An ideal contaminant would be a sulphide-
bearing rock of sedimentary affinity, to account for the

enrichment in Pb and Zn and the peraluminous character of
the granodiorite. The possibility of more than one
contaminant increases the complexity of the problem.
Current research is aimed at determining the process(es) and
conditions that result in the concentration of lead and zinc
and the crystallization of amazonite and gahnite.

Although the actual mechanism that concentrates the
Pb and Zn is in question, the formation of the sulphide-
bearing, fine grained granodiorite could be described as
follows: The coarse texture of the granodiorite suggests a
slow cooling of the pluton. The fine grained lenses, however,
denote a more rapid nucleation and growth of crystals. This
could be facilitated by the fracturing of the granodiorite,
resulting in sudden decompression and flow of volatiles
outward from the pluton (Jahns and Burnham, 1969). This
flow of volatiles may aid in the concentration of Pb, Zn and
Fe in the rapidly crystallizing fine grained granodiorite. The
oxygen and sulphur fugacities were such that Pb crystallized
in amaxonite and Zn in gahnite until sufficient sulphur
accumulated to result in late-stage formation of interstitial
sulphides, and even later, vein galena.
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Abstract

The arthrostylid bryozoan Sceptropora facula Ulrich occurs from 17 to 64.5 * m
below the base of the Silurion in the Avdlanche Lake region of the Mackenzie
Mountains. Disarticulated segmental forms of widely diverse shape are included in the
species. A Late Ordovician Richmondian age is established for this interval within the
Whittaker Formation by the associated conodont and ostracode f aunas.

Résumé

Le Sceptropora facula Ulrich (arthrostylidé, bryozoaire) se rencontre dans
llintervalle 17~64, 5 m, sous la base du Silurien, dans la région d'Avalanche Lake
(monts Mackenzie). Cette espéce renferme des individus segmentés de formes
diverses. D'apres les conodontes et ostracodes qui lui sont associés, cet intervalle de
la formation de Whittaker appartiendrait au Richmondien (fin de 'Ordovicien).

! Department of Biology, Western Washington University, Bellingham,
Washington, U.S.A. 98225
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Introduction

Slender, minute dendroid bryozoans of the
cryptostomate suborder Rhabdomesina are found in many of
the  Paleozoic marine sediments of the world.
Representatives of the rhabdomesine family Arthrostylidae
are most abundant in Ordovician and Silurian rocks
particularly throughout the Canadian-Siberian faunal realm.
Their small size, however, renders them difficult to
recognize both in the field and laboratory and hence they are
generally overlooked.

The present paper describes several well preserved
silicified specimens found in acid residues from the Whittaker
Formation limestones analyzed for trilobite and conodont
material by B.D.E. Chatterton, University of Alberta, and
G.S. Nowlan, Geological Survey of Canada. We thank
Dr. Chatterton for permission to describe the bryozoan
fauna, and Drs. Copeland and Nowlan for information on the
associated ostracode and conodont faunas. M.J. Copeland
provided the SEM photographs (Cambridge Stereoscan 180)
and J.W. Kempt the thin section photographs.

The samples were collected by B.D.E. Chatterton and
D.G. Perry in 1979 and by B.D.E. Chatterton and D.J. Over in
1983 from the' stratigraphic sections 79 AVl (62°24'N,
127°04'W; 20, 46, 53.5, 54 and 60 m above base of section),
and 83 AV4B (62°23'N, 127°03'W; 80.25 and 94.5 m above
base of section), located in the southern Mackenzie
Mountains about 10km east of Avalanche Lake (see
Chatterton and Perry, 1983, text-figs. 1-3). The thin bedded,
limestones and shales forming these intervals are regarded as
moderate to deep water sediments deposited close to the
continental shelf/continental slope boundary (Chatterton and
Ludvigsen, 1983, p. 146).

In section 79 AV, the samples are stratigraphically
located from 35.5 to 75.5 m below the first occurrence of the
Silurian conodont Distomodus kentuckyensis Branson and
Branson by Chatterton and Perry (1983), or between 24.5 and
64.5 m below the first sample containing the Silurian
conodont Ozarkodina hassi (Pollock, Rexroad and Nicoll) as
recognized by G.S. Nowlan (1984, personal communication),
or between 39 and 79 m below the highest occurrence of
recognizable Ordovician ostracodes (M.J. Copeland, 1984,
personal communication). In section 83 AV4B, the samples
are located from 17 to 31.25 m below the Ordovician-Silurian
boundary as based on conodonts (G.S. Nowlan, 1984, personal
communication) and at least 42 to 55.75 m below the last
recognized Ordovician ostracodes (M.J. Copeland, 1984,
personal communication).

Sceptropora facula Ulrich in these intervals was most
abundant at the 53.5 and 54 m levels of section 79 AVI1 and
the 94.5 m level of section 83 AV4B, where it is associated
with a ptilodictyoid Stictopora? sp. and the rhabdomesines
Ulrichostylus sp. (Pl. 5.1, fig. 5) and Nematopora cf. lineata
(Billings) (Pl. 5.2, figs. 1,7). Two specimens (GSC 80123,
80124) of Enallopora, an Ordovician-Silurian genus occurring
in both North America and Europe (Kiepura, 1962, p. 393),
were the only bryozoans identified in the conodont-defined
boundary beds (l111.5m) of section 83 AV4B. The solitary
coral Grewingkia (R.J. Elias, personal communication, 1984),
another Late Ordovician-Early Silurian genus, is present in
the same boundary beds.

Ross (1982, Pl. 2, fig. 6), in the only previous descrip-
tion of bryozoan faunas from this general region, recognized
one specimen of S. facula from Ludvigsen's section R 625 of
the Whittaker Formation farther to the northwest in the
Dusky Range (lat. 63°17'N, long. 125°21'W; Ludvigsen, 1978,
text-fig. 1), associated with osburnostylus sp., Ulrichostylus,
a phylloporinid, and trepostome bryozoans. This fauna is
located 140 m below the Ordovician-Silurian boundary as
defined by Ludvigsen (1979, p. 54), and was considered by him
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within the Edenian Whittakerites planatus trilobite zone.
Ross (1980) noted that S. facula had so far been found only in
the Richmondian.

The genus Sceptropora ranges throughout the Upper
Ordovician (Edenian to Richmondian), and possibly into Lower
Silurian (Llandovery). The possible Lower Silurian occurrence
is based on one North American species, S. fustiformis
Ulrich, 1889, whose syntypes (U.S.N.M. 43474) were believed
by Ulrich to have been derived from the Middle Silurian
"Clinton" at Hamilton, Ontario. Subsequently, Bassler (1913)
assigned those specimens to the Upper Median (Cataract).
These dumbell-shaped forms are in a thin bedded, medium
grey, argillaceous limestone, associated with a coquina of
minute bryozoans (Boardman, R.S., 1984, personal
communication; Helopora fragilis Hall by Ulrich, 1889, p. 46).
Until additional examples of S. fustiformis have been actually
collected from the Silurian sequence at Hamilton, the Early
Silurian age for the genus should be questioned. The only
other Silurian-assigned species, S.? obscura Astrova, 1965, is
not a Sceptropora; hence the published Wenlock? age based
on this European occurrence of the genus should be
disregarded.

S. facula itself occurs in the Stony Mountain Formation
of Manitoba (Ulrich, 1889, p. 46), the Vaureal Formation of
Anticosti Island, Quebec (Twenhofel, 1928, p. 160), both
Richmondian units, and in several Upper Ordovician sections
of the north-central United States. It has also been reported
from the Marathon Basin of Texas (King, 1937, p. #1).

Conodonts associated with S. facula in the Avalanche
Lake region include Oulodus rohneri Ethington and Furnish
and Pseudobelodina vulgaris vulgaris Sweet, forms character-
istic of Richmondian Conodont Fauna 12 (G.S. Nowlan, 1984,
personal communication; McCracken and Nowlan, 1984).
Ostracodes from this same interval include forms
characteristic of the Late Ordovician Platybolbina
(Reticulobolbina) lenzi Copeland assemblage (Copeland, 1977,
text-fig. 2).

SYSTEMATIC PALEONTOLOGY
Genus Sceptropora Ulrich, 1888
Type species. Sceptropora facula Ulrich, 1888.

Diagnosis. "Zoarium articulated; segments numerous, short,
sceptre or club-shaped, the lower half striated, non-
celluliferous, its extremity bulbous; upper half more or less
expanded, celluliferous, and with a large socket at the centre
of the top; occasionally with two sockets when the segment
had articulated with two succeeding joints. Zooecia sub-
tubular, radially arranged about a central axis, their
apertures subovate, and arranged between vertical lines."
(Ulrich, 1888, p. 228; 1889, p. 46).

Sceptropora facula Ulrich, 1888

Plate 5.1; Plate 5.2, figures 2-6, 8-10;
Plates 5.3 to 5.6; Plate 5.7, figures 1-4, 6-8

Sceptropora facula Ulrich, 1888, p. 229, figs. la-d.
Sceptropora facula Ulrich. Ulrich, 1889, p. 46, figs. 2a-d.
Sceptropora facula Ulrich. Bassler, 1911, p. 153, figs. 74a-d.
Sceptropora facula Ulrich. Twenhofel, 1928, p. 160.
Sceptropora facula Ulrich. Ross, 1982, pl. 2, fig. 6.
Sceptropora facula Ulrich. Blake, 1983, p. 565, figs. 279a-g.

Description. Zoarium dendroid (Pl. 5.7, f{figs.2, 4, 6)
segments usually straight to slightly curved (Pl. 5.6, fig. 9),
varying from indian club to bell (Pl. 5.7, figs. 1-3, 7, &) to
mushroom shape (GSC 80117), 0.92to 2.0 mm in length



(Table 5.1); proximal end slender, striated (Pl. 5.1, fig. 3, 4,
Pl. 5.2, figs. 3, 4, 6, 8), zooecia absent, normally terminating
in a short smooth bulb (Pl. 5.2, figs. 3, 6; Pl. 5.4, figs. 7, &;
Pl 5.6, fig. 2), a distinct brim developing in more stubby
forms (Pl. 5.4, figs.?2, 7, 8); segments expand distally to a
sharp brim from 0.56 to 1.96 mm in diameter, below which
are two to rarely three rows of subcircular zooecia apertural
openings distally aligned in ten or more rows; distally from
the brim each segment contracts rapidly to a point (PL 5.2,
figs. 4, 8) or in more stubby forms end in centrally located
single, shallow to deep (Pl. 5.1, figs. 3, &4, 6; PL 5.2, figs. 3,
6,9; Pl 5.3, fig.8; PL 5.4, figs. 1-9; PL 5.6, figs.7, 9;
Pl. 5.7, figs. 3, 4, 7, 8), or double, deep attachment sockets
(PL. 5.5, figs. l, 3, 4; PL 5.6, figs. 1-5, 8, 10); distal end
surrounded normally by two to three rows of 10 to 18, rarely
up to 25, apertures separated by prominent longitudinal
ridges (Pl. 5.5, figs. 1, 3, &).

In transverse section, axial region composed of a well-
developed longitudinal axial wall (Pl 5.3, figs.2, 3, 5, 7;
Pl 5.5, figs. 2, 6; Pl. 5.6, fig. 6), that in the distal end of
regular shaped zoaria and in the wider, stubby forms may be
thickened (Pl. 5.5, fig. 5); zooecial walls thick with dark,
distinct boundaries; wide extrazooecial skeletal zone. Above
the brim, zooecial openings externally are oval and
internally, triangulate in shape (Pl. 5.5, figs.2, 6); the
dividing structure can be more of a strut or bar (PL 5.1,
figs. 6, 7; Pl.-5.2, figs. 6, 9) rather than a continuous wall
(PL, 5.4, fig. 5), present only at or near the surface.

In longitudinal section (Pl. 5.1, fig. 5; Pl. 5.3, figs. 1,
4, 6; Pl. 5.4, figs. #, 6; Pl. 5.7, figs. 1, 8), zooecia recumbent,
varying in length, opening at a low angle to surface, from
.06to .l#mm in diameter, lacking diaphragms and
acanthopores; attachment sockets floored by extrazooecial
skeletal material.

Discussion. A wide variety of shapes are included in this
species, ranging from narrow, nearly brimless through indian
club to wide stubby to bell to short mushroom
(GSC hypotype 80116). All forms occur together at the

94.5 m level of section 83 AV4B and at the 53.5 m level of
section 79 AV1. The typical indian club form also occurs at
the 80.25 m level in section 83 AV4B and ranges from 53.5 to
60 m in section 79 AVIl; the bell-shaped form in section
79 AV1 ranges from 46 to 54 m.

The inclusion of double socketed forms, with highly
grooved upper surfaces (Pl 5.5, fig.3), conforms with
Ulrich's original generic diagnosis. Similar variation in shape
and size, and the development of dichotomous branching, is
evident in the material from the erratic boulders of Poland
described by Kiepura (1962) as S. facula (compare Kiepura,
Pl. 10, fig. 3 with Pl. 5.6, figs. 1, &, 5, 10 herein).

S. estoniensis Brood, 1980 (formerly S. facula Ulrich by
Bassler, 1911 and Kiepura, 1962) from the Hirnantian Porkuni
Stage of northern Estonia, glacial erratic boulders of Poland,
and stage 5b at Ullerntangen in Ringerike (Oslo region),
Norway, is more robust, with acanthopores and smaller
zooecial apertures than typical S. facula. The stubby forms
herein included in S. facula, however, are even more robust
at their proximal ends than S. estoniensis and are closer in
apertural size than the club-shaped segments, but in
longitudinal section there is a close resemblance to some
specimens of S. estoniensis (i.e., compare Brood, 1980,
fig. 3A with Pl. 5.4, figs. 4, 6). The bell-shaped S. facula
slightly relates to the holotype of S.florida Kiepura;
S. spinosa Kiepura is quite distinct.

Types. Syntypes, USNM 43478, 240848-240851, GSC 774,
Stony Mountain Formation, Stony Mountain, Manitoba.
Hypotypes, USNM 240847, Vaureal Formation, High CIliff,
Anticosti Island, Quebec; USNM 240852, Elkhorn Formation,
Ohio, U.S.A.; GSC 8309, Stony Mountain Formation, Stony
Mountain, Manitoba; GSC 80068-80071, 80117, 80127, section
79 AV1 — 54 m; 80072-80079, 80118, section 79 AV1 — 53.5 m;
80080, section 79 AVI1 — 46 m; 80081, 80119, section 79 AVI —
60 m; 80082-80116, 80120, 80128, 80129, section 83 AVUB —
94.5 m; 80125, 80126, section 83 AV4B — 80.25 m, Whittaker
Formation, east of Avalanche Lake, Mackenzie Mountains,
District of Mackenzie.

Table 5.1. Sceptropora facula Ulrich dimensions (in mm), club, bell and stubby segments

Syntypes Hypotypes, GSC

USNM  USNM

240848 240849 GSC 774 | 8309 80115 80127 80069 80125 80119 80081 80126 80068 80076 80070 80086 80082
Total length
of segment 1.48 1.50 1.60 1.80 .92 1.06 1.08 1.16 1.20 1.2% 1.2 1.2 1.28 1.32 1.32 1.32
Diameter
proximal end .20 .34 .16 .20 .20 .16 .16 .16 .20 .20 .20 .20 .28 .16 .20 .16
Diameter
distal brim .92 .94 1.12 76 .72 .68 .76 .68 .72 .68 .64 .68 .80 .68 ) .56
Diameter socket | - .22 - - 200 - - - A2 - - .24 28 - - -

Hypotypes, GSC

80128 80084 80089 80085 80118 80079 80117 80078 80077 80093 80090 80129 80091 80096 80097 80101
Total length
of segment 1.40 1.40 1.40 1.52 1.16 1.20 1.28 1.36 1.48 1.482 1.44 1.60 1.64 1.68 1.76 2.0
Diameter
proximal end .20 .24 .28 .20 .20 .16 .20 .36 .20 .16 .16 .20 .20 .80 .76 .84
Diameter
distal brim .64 .76 .80 .60 1.72  1.48 1.80 1.04 1.40 .84 .92 1.04 1.00 1.36 1.40 1.96

.80

Diameter socket - - .16 - - .20 .28 .40 .16 .60 .60 .92 .88 .84 .84 .68

31



References

Astrova, G.G.
1965:  Morphology, evolutionary history, and systematics
of Ordovician and Silurian bryozoans; Akademya
Nauk SSSR Paleontologii Instituta, 106.

Bassler, R.S.
1911: The Early Paleozoic Bryozoa of the Baltic
Provinces; Smithsonian Institution, United States
National Museum, Bulletin 77.

1915: Bibliographic index of American Ordovician and
Silurian fossils, volume 2; Smithsonian Institution,
United States National Museum, Bulletin 92.

Blake, D.B.

1983: Systematic  descriptions for the Suborder
Rhabdomesina; Geological Society of America
University of Kansas, Treatise on Invertebrate
Paleontology, Part G, Bryozoa Revised, v. 1,
p. 550-592.

Brood, K.
1980: Late Ordovician Bryozoa from Ringerike, Norway;
Norsk Geologisk Tidsskrift, v. 60, p. 161-173.

Chatterton, B.D.E. and Ludvigsen, R.
1983: Trilobites from the Ordovician-Silurian boundary
of the Mackenzie Mountains, northwestern

Canada; Paper for the Symposium on the
Cambrian-Ordovician and  Ordovician-Silurian
boundaries, Nanjing, China, October, 1983,

Nanking Institute of Geology and Palaeontology,
Academia Sincia.

Chatterton, B.D.E. and Perry, D.G.
1983: Silicified Silurian odontopleurid trilobites from
the Mackenzie Mountains; Palaeontographica
Canadiana, no. 1.

Copeland, M.J.
1977: Early Paleozoic Ostracoda from southwestern
District of Mackenzie and Yukon Territory;
Geological Survey of Canada, Bulletin 275.

Kiepura, M.
1962: Bryozoa from the Ordovician erratic boulders of
Poland; Acta Palaeontologica Polonica, v.7,
no. 3-4, p. 347-428.

King, P.B.
1937: Geology of the Marathon Region, Texas; United
States Geological Survey, Professional Paper 187.

Ludvigsen, R.
1978: Middle Ordovician trilobite facies, southern
Mackenzie Mountains; Geological Association of
Canada, Special Paper 18, p. 1-33.

1979: A trilobite zonation of Middle Ordovician rocks,
southwestern District of Mackenzie; Geological
Survey of Canada, Bulletin 312.

McCracken, A.D. and Nowlan, G.S.

1984: Conodonts from Ordovician-Silurian boundary
strata, Whittaker Formation, Avalanche Lake,
Mackenzie Mountains, Northwest Territories,
Canadaj; Geological Society of America, Abstracts
with Programs 1984, v. 16, no. 3, p. 179.

Ross, J.R.P.

1982: Middle and Upper Ordovician ectoproct bryozoan
faunas from the southwestern District of
Mackenzie, Canada; Third North American
Paleontological Convention, Proceedings, v. 2,
p. 447-452.

Twenhofel, W.H.
1928: Geology of Anticosti Island; Geological Survey of
Canada, Memoir 154 (1927).

Ulrich, E.O.
1888: On Sceptropora, a new genus of Bryozoa, with
remarks on Helopora Hall, and other genera of
that type; The American Geologist, v. 1, no. 4,
p. 228-334.

1889: On some Polyzoa (Bryozoa) and Ostracoda from
the  Cambro-Silurian rocks of Manitoba;
Geological Survey of Canada, Contributions to the
Micro-Palaeontology of the Cambro-3Silurian
Rocks of Canada, Part II, p. 27-57.

Plate 5.1

Figures 1-7. Sceptropora facula Ulrich. Whittaker Formation, District of Mackenzie.

1. Oblique proximal view showing longitudinal ridges, struts and open zooecia below brim, x 70,

section 79 AV] — 54 m; hypotype, GSC 80068.

2. Side view of proximal end showing 2 rows of zooecia below and above brim, and pointed distal end,
x 80, section 79 AVI — 54 m; hypotype, GSC 80069.

3, 6, 7. Side view showing struts and open zooecia above brim, single socket, x #0, x 80, x 160,

section 83 AV4B — 94.5 m; hypotype, GSC 80082.

4. Side view showing club-shaped segment, 2 rows of zooecia below and above brim, single socket,
x 70, section 79 AV1 - 54 m; hypotype, GSC 80070.

5. Longitudinal thin section of stubby form, single socket, section 79 AVl — 53.5 m; hypotype,

GSC 80072.
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Plate 5.2

Figures 1, 7. Nematopora cf. lineata (Billings). Side view showing apertural arrangement, x 40 and
x 80, section 83 AV4B — 94.5 m; Whittaker Formation, District of Mackenzie; hypotype,
GSC 80121.

Figures 2-6, 8, 9. Sceptropora facula Ulrich. Section 83 AV4B — 94.5 m, Whittaker Formation,
District of Mackenzie.

2.8 Side view of narrow segment with large zooecia below brim and smaller zooecia above, pointed
distal end, x 80 and x 40; hypotype, GSC 80083.

3,5. Side view showing club-shaped segment with expanded proximal end and narrow brim, x %0 and
x 80; hypotype, GSC 80084.

Side view of segment showing narrow brim and pointed distal end, x 40; hypotype, GSC 80085.
6,9. Side view of segment with struts and open zooecia, x 40 and x 160; hypotype, GSC 80086.
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Plate 5.3

Figures 1-8. Sceptropora facula Ulrich. Whittaker Forlmation, District of Mackenzie.

1.

2,3.

Longitudinal section, slightly off-centre, through wide attachment socket, showing recumbent
zooecia of club-shaped segment, and wide extrazooecial skeleton, x 100, section 83 AV4B —
4.5 m; hypotype, GSC 80087,

Natural transverse section showing wall structure of club-shaped segment, x 300 and x 100,
section 83 AV4B — 94.5 m; hypotype, GSC 80088.

Longitudinal section through centre of club-shaped segment, x 50, section 79 AVl — 53.5 m;
hypotype, GSC 80073.

Transverse sections just below brim and near proximal end of club-shaped segments, x 130,
section 79 AV1 — 53.5 m; hypotypes, GSC 80074, 80075.

Natural longitudinal section of club-shaped segment showing recumbent zooecia, x 110, section
79 AV1 — 60 m; hypotype, GSC 80081.

Side view of club-shaped segment with large central attachment socket, x 60, tilt 12°, section
83 AV4B — 94.5 m; hypotype, GSC 80089.
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Plate 5.4

Figures 1-9. Sceptropora facula Ulrich. Section 88 AV4B-— 94.5m except Fig. 5, Whittaker

1,2.

4,6.

Formation, District of Mackenzie.

Distal and side views of stubby segment showing 2 rows of zooecia below and above brim and
large central attachment socket, x 35; hypotype, GSC 80096.

Distal view of stubby segment with many small zooecia around large central attachment socket,
X 35; hypotype, GSC 80097.

Longitudinal sections of stubby segments with wide extrazooecial skeleton, x 50; hypotypes,
GSC 80094, 80095.

Distal view of bell-shaped segment with three rows of zooecial apertures and large central
attachment, x 130, section 79 AV] — 54 m; hypotype, GSC 80071.

Side view of stubby segment showing large central attachment socket and smaller side socket,
x 60, tilt 12°; hypotype, GSC 80090.

Side view of stubby segment with large single central attachment socket, x 50; hypotype,
GSC 80091.

Distal view of club-shaped segment with small central attachment socket, x 110, tilt 32.2°;
hypotype, GSC 80092.
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Plate 5.5

Figures 1-6. Sceptropora facula Ulrich. Section 83 AV4B — 94.5 m; Whittaker Formation, District of
Mackenzie.

1,3,4. Side and distal views of stubby segment displaying widely separated double, deep attachment
sockets and longitudinal ridges, x 35, x 70 and x 35; hypotype, GSC 80101.

2,5. Transverse sections, near distal end and below brim of stubby segments with wide extrazooecial
skeleton, x 90 and x 100; hypotypes, GSC 80102, 80103.

6. Transverse section near distal end of club-shaped segment displaying 2 rows of unequal size
zooecia, x 130; hypotype, GSC 80104.
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Plate 5.6

Figures 1-10. Sceptropora facula Ulrich. Section 83 AV4B — 94.5 m, Whittaker Formation, District

1,2.

3,10.

4,5.

of Mackenzie.

Side views of a stubby and club-shaped segments with pointed distal end between large double
attachment sockets, x 35 and x 35, tilt 30°; hypotypes, GSC 80105, 80106.

Distal and side views of thick club-shaped segment showing large double attachment sockets
separated by narrow ridge, x 70 and x 70, tilt 30°; hypotype, GSC 80107.

Side views of thick club-shaped segments showing single rim of zooecial apertures above brim,
large double attachment sockets separated by medium width ridge, x 70 and x 70, tilt 35°;
hypotypes, GSC 80108, 80109.

Transverse section near distal end of stubby segment showing 2 rows of unequal size zooecia
around central axis and wide extrazooecial skeleton, x 130; hypotype, GSC 80110.

Oblique distal view of stubby segment with central attachment socket surrounded by 2 rows of
zooecial apertures, x 35, tilt 59°; hypotype, GSC 80111.

Side view of thick club-shaped segment with small double attachment sockets separated by very
wide porous ridge with incomplete second row of zooecial apertures, x 70, tilt 30°; hypotype,
GSC 80112.

Side view of curved, thick club-shaped segment with large central attachment socket
surrounded by one row of zooecial apertures, x 70, tilt 30°; hypotype, GSC 80113.
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Plate 5.7

Figures 1-4, 6-8. Sceptropora facula Ulrich. Whittaker Formation, District of Mackenzie.

I. Natural longitudinal section of a bell-shaped segment, x 80, section 83 AV4B — 94,5 m;
hypotype, GSC 80114.

Articulated zoaria of bell-shaped segments, x 44, section 79 AV1 — 46 m; hypotype, GSC 80080.

3,7. Side and distal views of bell-shaped segments with shallow central attachment sockets, x 55 and
x 70, tilt 68°, section 79 AV1 — 53.5 m; hypotypes, GSC 80077, 80079.

4, Articulated zoaria of club-shaped segments, x 53, section 83 AV4B — 94.5 m; hypotype,
GSC 80115.

6. Articulated zoaria of thick club-shaped segments displaying a pair of horizontal attachments,
x 35, section 79 AVl — 53.5 m; hypotype, GSC 80078.

8.  Natural longitudinal section of a bell-shaped segment with large raised central attachment
socket, x 65, section 83 AV4B — 94.5 m; hypotype, GSC 80116.

Figure 5. Ulrichostylus sp. Side view of zoarium showing apertural arrangement and longitudinal
ridges, x 65, tilt 18°, section 79 AVI — 53.5 m; hypotype, GSC 80122.
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MINERAL ASSOCIATIONS OF SELECTER ROCKS
AND RADIOACTIVE OCCURRENCESNORTH OF

MONT-LAURIER, QUEBEC; ESS REPORT
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Rimsaite, J., Petrography, petrochemistry and mineral associations of selected rocks
and radioactive occurrences north of Mont-Laurier, Quebec: a progress report;
in Cuwrrent Research, Part A, Geological Survey of Canada, Paper 85-1A,
p. 47-64, 1985.

Abstract

This paper documents additional results of laboratory studies, including
SEM~EDS and isotope analyses, and discusses mineral associations in the following:

1. selected mafic, felsic, hybrid and ore grade rocks;
2. mineralized gneissic and white heterogeneous pegmatites;

3. mineralized pegmatites associated with quartzite and with pyrite-bearing
biotite gneisses;

mineralized migmatites associated with microcline pegmatites;
pegmatites associated with mafic skarn and biotite gneisses.
Mineralization occurs in primary and secondary minerals.

Uranium mineralization occurs in contact zones between microcline pegmatite
and paragneisses, as well as between paleosome and neosome phases. Radioactive
REE-bearing occurrences are common at contacts between the pegmatite and
mafic skarn.

Résumé

Cette étude rend compte des résultats de certaines études en laboratoire,
notamment des analyses au microscope électronique a balayage (EDS) et isotopiques,
et traite des associations minérales observées dans:

1. des roches mafiques, felsiques, hybrides et minéralisées choisies;
2. des pegmatites minéralisées gneissiques et hétérogenes de couleur blanche;
3. des pegmatites minéralisées associées a de la quartzite et a des gneiss a biotite
pyritifere;
des migmatites minéralisées associées a des pegmatites a microclines;
pegmatites assocides & du skarn mdafique et & des gneiss biotitiques.
Les minéralisations apparaissent dans les minéraux primaires et secondaires.

La minéradlisation de l'uranium a lieu dans les zones de contact entre la
pegmatite & microclines et les paragneiss, de méme qu'entre des composantes d'dge
différent. Les accumulations radioactives sont communes aux surfaces de contact
entre la pegmatite et le skarn mafique.
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Introduction

Mineral associations from selected minerals and rocks
collected in 1977 and 1979 north of Mont-Laurier, Quebec
are discussed and analyses presented in this paper.

Geological features have been discussed by Kish (1977)
and Tremblay (1974). For sampling localities see Figure 9.1
in Rimsaite, 1978.

The analyzed samples represent basement gneisses and
migmatites of Patibre Formation, calc-silicate rocks (skarn),
biotite-hornblende and pyrite-bearing biotite gneisses and
metamorphic pegmatites of La Force Formation of the
Grenville Group which contains scattered radioactive occur-
rences, and metamorphosed intrusive mafic and felsic rocks.

Table 6.1 presents result<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>